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H1 and ZEUS are presented for deep inelastic scattering (DIS) and photo-
production (yp) at HERA on a wide range of topics.
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1. Introduction

This article reports recent results from H1 and ZEUS experiment on:
e Measurement of K3, A and A production in DIS and ~p [1].
e Bose Einstein correlations (BEC) of K{K and K*K* in DIS [2].

e Studies of (anti)deuteron and (anti)proton production in DIS [3] Mea-
surement of scaled momentum spectra in high Q2 in DIS [4,5].

2. K(S), A and A production in DIS and ~p

The production of strange hadrons Kg, A and A has been studied in
three different regions of virtuality of the exchanged bosons, Q?: in DIS
at Q% > 25 GeV?, in DIS at 5 GeV? < Q? < 25 GeV? and in vp at
Q? < 1 GeV?, where the two jets, each of at least 5 GeV in transverse energy,
were required. The following measurements have been performed: differen-

tial cross-sections, baryon—antibaryon asymmetry M, baryon to me-

N(A)+N(A)
N(A)+N(A) N(KY)
N(KS) rged particles)

son ratios and strange to light hadrons ratios N(cha
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. . KA,A
The results were obtained as a functions of transverse momentum, p 5",

pseudorapidity, an A the Bjorken variable, zp ;, and Q? for both, low and
high @2 DIS samples, and as a functions of prAB, n“AB and the fraction of
the photon energy transfered to dijet system, angS, for yp. The differen-
tial K9 cross-sections for DIS and vp are shown in Fig. 1(a) and Fig. 1(b),

respectively.
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Fig. 1. Differential K9 cross-sections for (a) low and high Q% DIS and (b) vp.

The DIS cross-sections are compared to ARTADNE and LEPTO Monte
Carlo (MC) calculations. ARIADNE with A\;=0.3 (strangeness suppression
factor) describes the data reasonably well while the ARIADNE with \;=0.22
and LEPTO MC predictions are less satisfactory. A similar comment can be
made for the A + A cross-sections. In yp the PYTHIA predictions describe

the shape of the data dependence on p%AB and n“AB well. The ngS de-

pendence at smallest $9BS, corresponding to the resolved-photon region, is

not good. For baryon—antibaryon asymmetry measurements, no significant
difference between A and A was found. This suggests that in the considered
parts of the ep phase-space, baryons and antibaryons are produced accord-
ing to the same mechanism. The ARIADNE MC predictions (As = 0.3) for
baryon to meson ratios for DIS samples follow the shape of the data. For
the yp sample baryon to meson ratio in function of x,CY)BS increases up to 0.7
at low 29B5 corresponding to almost pure resolved ~vp region which is not
expected by PYTHIA. It was also found that for the ratio of strange to light
hadrons, a lower value of the strangeness suppression factor (A\s = 0.22) is
favoured over the default (A = 0.3).
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3. Bose—Einstein correlations of K(S)Kg and KTK¥T in DIS

The study of the size of BEC of identical bosons pairs in DIS has been
extended to pairs of K*K¥* and KgKg. The two-particle correlation func-
tion R(Q12) was calculated using the double ratio method and divided by

correction coefficient to remove correlations other than BEC. The R(Q12)

. . ) . P(Q12)data P(Q12)MC,nOBEC
formula is given as follows: R(Q12) = Prie(0:2)7% | Props(Q13)MCoBET where

the so-called mixed-event sample P,,;x contains pairs of bosons coming from
different events. Qi is given by Q12 = v/—(p1 — p2)? = VM2 — 4mpeson,
where M is the invariant mass of the two particles with four-momenta p;
and py and mass Mpeson. Assuming a Gaussian shape of emission source,
R(Q12) can be described by the standard Goldhaber-like function: R(Q12) =
a(l + /\e_Q%ﬂ’Q), where the most interesting parameters are r, a geometri-
cal radius of the boson emitting source and A, a coherence strength factor.
Fig. 2(a) shows the measured two-particle correlation functions of K*K=.
The similar fit was applied to Ké)Kg data. The extracted values of the
BEC parameters for K*K* are A = 0.37 £ 0.07(stat) 009 (sys), r = 0.57 &
0.09(stat) T952 (sys) fm while for K3KQ are A = 1.16 4 0.29(stat) 023 (sys),
r = 0.61 £ 0.08(stat) T 0% (sys) fm and A = 0.70 £ 0.19(stat) T5-as 1535 (sys),
r = 0.63 + 0.09(stat) T5-0T0-09 (sys) fm with 4% correction of fo(980).
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Fig.2. (a) Bose-Einstein correlation function of K* K= pairs. (b) The measured
normalised distribution of the scaled momentum compared with the PS Monte
Carlo.

4. (Anti)dueteron and (anti)proton production in DIS

The production of d(d) in region has been observed by ZEUS. According
to the coalescence model, which was first proposed to explain the produc-

tion of d(d) in heavy-ion collisions, the production rate of d is determined
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by the overlap between the wave-function of a proton (p) and neutron (n)
with the wave-function of a d. In this case, the d cross-section is the product
of single-particle cross-section for protons and neutrons, with a coefficient of
proportionality reflecting the volume of the fragmentation region emitting
the particles. The same approach applies for d and p. If the coalescence
parameter is the same for particles and antiparticles, then the production
ratio d/d is equal (p/p)?. The first measurements of d/d in ZEUS shows
that the production rate d/d is smaller than that for p/p by three orders
of magnitude, which is in broad agreement with other experiments. The
coalescence parameter is in agreement with the measurements in photopro-
duction at HERA. The production rate of p is consistent with that of § in
the kinematic range 0.3 < &2 < 0.7. For the same kinematic region, the
production rate of d is higher than that for d.

5. Production of charged particles in DIS at HERA

Ldn = f
N dxp?’
charged hadrons and average charged multiplicity, (n), have been measured
at high Q? in the Breit frame, where the photon virtuality @, can be related
to the momentum of the scattered parton. This allows a comparison to be
made with the results of eTe™ data and a with variety of models.

The results broadly support the concept of quark fragmentation uni-
versality in ep collisions and eTe™ annihilation. The ZEUS results are in
agreement with the H1 data for the charged multiplicity. For most of the
Q range the H1 data are in good agreement with the parametrisation of the
ete™ data. In case of normalised distribution of the scaled momentum, the
H1 data were compared with MC that implements different models to de-
scribe the parton cascade and the hadronisation process. It was found, that
both models tend to overestimate the multiplicity at higher (). A summary
of the results for the scaled momentum spectra is presented in Fig. 2(b).

The NLO QCD calculations for three different parametrisations of the
fragmentation functions fail to describe the scaling violations seen in both

H1 and ZEUS data.

The normalised scaled momentum distribution, D(z,,Q) =
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